Resistance of a seedling to the herbicide 1,1'-ethylene-2,2'-dipyridylium bromide (diquat) can be used as a selective technique for photosynthesis mutants in Zea mays L. Diquat requires reduction by the light reaction in order to kiDl leaf cells and, therefore, nonpbotosynthetic mutants survive. This technique was tested using known mutants and is applicable to larger samples of plants than previous techniques. Resistance to diquat should allow selection of mutants on the oxidizing side of photosystem II which are not previously available in higher plants.
MATERIALS AND METHODS
Ten-day-old maize (Zea mays L.) seedlings used for this work were grown as previously described (10) either in controlled environment chambers, in the greenhouse, or the field. The characteristics of photosynthesis of the hcf-2 and hcf-3 mutants employed here were described (10) .
The inhibitors used as potential selective agents were applied as foliar spray at approximately 1 ml per plant, using a common insect spray gun. The diquat used was an aqueous solution of a commercial preparation from Chevron Chemical Co., Ortho Division, San Francisco, Calif.
The selection and utilization of genetic mutants of elucidate complex biochemical problems is a well established modern technique. Isolated photosynthesis mutants have been very useful for the analysis of chloroplast electron transport and photophosphorylation reactions (2, 7, 10) . One of the limitations of progress in this research area is the availability of a variety of procedures for mutant selection.
Previously, populations of plants have been scanned for changes in pigmentation (5), for loss of '4C02 fixation (6), or for the level of Chl fluorescence (1, 9) . Recently, the selection of photosynthesis mutants with very high levels of fluorescence has been fruitful (10) , but fluorescence screening has two limitations. First, it is a screening procedure as opposed to a selective enrichment procedure which means one must examine thousands of individuals to locate the desired mutation. Second, the fluorescence screening technique depends on the oxidation state of the primary electron acceptor of photosystem II (3) and, therefore, it can be used only to detect mutants blocked from the acceptor on through photosystem II and I. Genetic blocks on the oxidizing side of photosystem II cannot be revealed by high fluorescence. In Chlamydomonas such photosystem II mutants are indicated by lower than normal fluorescence yield (4), but lower than wild-type levels of fluorescence are very difficult to detect in higher plant leaves.
In order to select mutants involved in the oxidizing side of photosystem II, we have tested various photodynamic inhibitors. These are chemical agents which show light-dependent deleterious effects on wild-type plants, but are benign to nonphotosynthesizing individuals. Togasaki and Hudock (13) have used arsenate as a selective agent for Chlamydomonas mutants and their procedure has been successfully applied to Euglena (12) . In this report, we will discuss the use of diquat as a positive selector for mutants of maize, including those mutants blocked on the oxidizing side of photosystem II. Figure 1 shows the results of a 1-mM diquat application on 10-day-old seedlings. After spraying, the plants were incubated under controlled conditions with a light intensity of 500 w/m2 at 24 C. Plants treated in the light first showed isolated necrotic spots (Fig. IA) after 30 to 60 min depending on the light intensity. Later a drying and browning of the leaves (Fig. 1, B and C) in 6 to 12 hr was observed. During this degeneration of the tissue breakdown, products of the protoplasm are released on the surface of the leaves in brown drops. Only after 18 to 24 hr are the leaf sheathes and stems affected (Fig. 1 D) . If plants are similarly treated but kept in the dark or kept in a N2 atmosphere, there is no damage to the leaf tissue. Therefore, light and 02 are required for diquat to kill plants. We noted, that plants which were treated and kept in the dark for 12 hr before exposure to light showed a more uniform killing of the tissue. This undoubtedly is the result of dark translocation of the herbicide.
RESULTS
To see if diquat would indeed be selective for nonphotosynthetic plants, we treated families segregating known mutants as above. Photosystem II mutants (verified by fluorescence) failed to develop necrotic spots or leaf browning (Fig. 1, B and C) and at times, mutants survived the wild type plants by several days (Fig. 1, D) . The rapidity of the response of plants to diquat and the eventual survival of mutant plants varied with growth conditions but those families segregating mutant plants could always be detected.
There are a number of other photodynamic inhibitors known which could be as useful as diquat. Methyl viologen gives approximately the same results as diquat, except it caused excessive bleaching of leaf Chl. Benzyl viologen, N-ethylmaleimide, and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (8) chloroplast electron transport chain near the primary electron acceptor (X) of photosystem I (11). Once reduced diquat is oxidized by a series of reactions which ultimately lead to the formation of reactive peroxide radicals or H202. These peroxides are toxic to plant cells and therefore kill photosynthesizing plants, but spare those mutants not able to reduce X. Thus any block of electron transport in photosystem II from water through the oxidizing side of photosystem I will prevent peroxide formation. This technique should allow us to select mutant which will include those on the oxidizing side of photosystem II. These were not detectable by high leaf fluorescence. However, diquat resistant mutants will not include those of NADP reductase or ferredoxin because diquat will still be reduced in such plants. If both the diquat resistance and leaf fluorescence screening techniques are used, mutants could be detected throughout the entire electron transport chain. A further advantage of diquat is that one family segregating resistant plants could be distinguished from thousands of normal plants.
